There are currently no universally accepted indications and criteria for additional surgical resection of the colorectum after endoscopic resection of the submucosal invasive cancer. The purpose of the present study is to establish accurate indications and criteria for additional surgical resection of the colorectum, based on the prediction of lymph node metastasis, after endoscopic resection of the submucosal invasive cancer. We investigated 140 submucosal invasive colorectal cancers and analyzed the pathologic factors of lymph node metastasis. The tumors were evaluated for pathologic factors in the invasive area of the submucosal carcinoma and were compared between the cases with lymph node metastasis and those without lymph node metastasis. Lymph node metastasis was observed in 13 cases (9%). Univariate logistic regression analysis showed that the depth of invasion, cribriform-type structural atypia, absence of lymphoid infiltration, lymphatic permeation, and venous permeation were statistically significant as risk factors for lymph node metastasis. Multivariate logistic regression analysis showed that the important risk factors included, in decreasing order, lymphatic permeation, absence of lymphoid infiltration, cribriform-type structural atypia, venous permeation, and depth of invasion. Submucosal invasion of 2 mm or more, and/or, depth of lymphatic permeation of 2 mm or more are risk factors for lymph node metastasis. The pathologic criteria based on our results for additional colectomy enables greater accuracy selection of patients who will undergo further surgical treatment after endoscopic resection. Keywords: colorectal cancer; submucosal invasive cancer; criteria for additional colectomy; risk factor of lymph node metastasis Endoscopic resection has become the established standard treatment for mucosal carcinoma and adenoma of the colon. Submucosal invasive cancer may not be diagnosed, in some cases, until after endoscopic resection. Thus, pathologists are increasingly encountering submucosal invasive colorectal carcinomas, which are endoscopically resected. Since 10% or less of cases of submucosal invasive cancer had metastasized to the lymph nodes according to previous reports, 1-7 additional surgical resection of the colorectum after endoscopic resection of submucosal invasive cancer is needed for curative treatment. However, there are currently no universally accepted indications and criteria for additional surgical resection of the colorectum after endoscopic resection of submucosal invasive cancer. As a result, many cases (the remainder, except cases with lymph node metastasis, ie, about 90% of the total cases) involving additional surgical resection of the colorectum constitute overtreatment. Establishment of accurate criteria for additional surgical resection of the colorectum, based on the prediction of lymph node metastasis, after endoscopic resection of submucosal invasive cancer is more than necessary. Thus, toward this goal, we investigated and analyzed the pathologic factors of lymph node metastasis of submucosal invasive colorectal cancer.
Endoscopic resection has become the established standard treatment for mucosal carcinoma and adenoma of the colon. Submucosal invasive cancer may not be diagnosed, in some cases, until after endoscopic resection. Thus, pathologists are increasingly encountering submucosal invasive colorectal carcinomas, which are endoscopically resected. Since 10% or less of cases of submucosal invasive cancer had metastasized to the lymph nodes according to previous reports, [1] [2] [3] [4] [5] [6] [7] additional surgical resection of the colorectum after endoscopic resection of submucosal invasive cancer is needed for curative treatment. However, there are currently no universally accepted indications and criteria for additional surgical resection of the colorectum after endoscopic resection of submucosal invasive cancer. As a result, many cases (the remainder, except cases with lymph node metastasis, ie, about 90% of the total cases) involving additional surgical resection of the colorectum constitute overtreatment. Establishment of accurate criteria for additional surgical resection of the colorectum, based on the prediction of lymph node metastasis, after endoscopic resection of submucosal invasive cancer is more than necessary. Thus, toward this goal, we investigated and analyzed the pathologic factors of lymph node metastasis of submucosal invasive colorectal cancer.
Materials and methods
A total of 140 submucosal invasive carcinomas of the colorectum that were surgically resected with regional lymph nodes were examined. The reason why we collected surgically resected specimens rather than endoscopically resected specimens for materials of this study is that lymph node metastasis can be accurately evaluated. The resected materials were fixed in formalin, embedded in paraffin, and stained with HE. Sections (2 mm thick) of the maximum diameter of the tumor were evaluated for the following pathologic factors. All cases were blindly reviewed twice by three of the authors (YE, TY and YK). If discrepancies arose, the cases were discussed to achieve consensus while being viewed at multihead microscope.
(1) Depth of submucosal invasion (2) Width of submucosal invasion: The depth and width of invasion were measured by the method shown in Figure 1 . (3) Area of submucosal invasion: The product of the depth and width of submucosal invasion was assumed to be the area of invasion. (4) Histological classification of the invasive area of submucosal carcinoma: Invasive areas of submucosal carcinoma were classified as welldifferentiated adenocarcinoma, moderately differentiated adenocarcinoma, poorly differentiated adenocarcinoma, and mucinous adenocarcinoma according to histological typing of intestinal tumors of the World Health Organization (WHO). 8 Moreover, mucinous adenocarcinoma was classified into two subgroups: undifferentiated-type mucinous adenocarcinoma to designate undifferentiated nontubular adenocarcinomas (the majority of which was signet ring cell carcinoma) and differentiatedtype mucinous adenocarcinoma to designate differentiated tubular adenocarcinomas (Figure 2) . In classifying the carcinoma, the predominant pattern is adopted as its representative histological type and grade. For example, for a tumor consisting mainly of well-differentiated adenocarcinoma with a part of moderately differentiated adenocarcinoma, a diagnosis of well-differentiated adenocarcinoma should be made. (5) Structural atypia in the invasive area of submucosal carcinoma: Structural atypia in the invasive area of the cancer was classified as one of two types: cribriform type, indicated by sieve-like internal branching (Figure 3a) , and dendritic type, indicated by tree-like external branching (Figure 3b) . The presence or absence of structural atypia of each of these two types was determined. (6) Bud-like structure 9 (micronest formation or single-cell infiltration of cancer cells) in the invasive area of submucosal carcinoma: The presence or absence of a bud-like structure (Figure 4 ) in the invasive area of the cancer was determined. This classification does not correlate to histological classification because it is made without depending on the amount of a bud-like structure. The above-mentioned pathologic factors were compared between the cases that were positive for lymph node metastasis and those that were negative for lymph node metastasis. Each pathologic factor was assessed separately by a univariate logistic regression analysis. Differences at Po0.05 were considered significant. Factors determined to be significant by univariate analysis were analyzed by a multivariate logistic regression, and an odds ratio with 95% confidence interval was calculated for each factor. Statview Version 5.0 10 was used for all statistical calculations. Finally, we produced pathologic criteria (algorithm) of the prediction of lymph node metastasis, based on these results, for additional colectomy after endoscopic resection of submucosal invasive cancer of the colorectum. The sensitivity, specificity, positive and negative predictive value, and overall accuracy of this criteria were calculated.
Results

Gross appearance
In all, 11 lesions were pedunculated, 44 were sessile with depression, and 85 were sessile without depression.
Lymph Node Metastasis
Submucosal invasive cancer with lymph node metastasis was observed in 13 cases, and submucosal (Table 1) The mean depth of submucosal invasion in all cases was 2.7 mm, and the mean depth was 4.0 mm 2 in cases of cancer with lymph node metastasis and 2.5 mm in cases of cancer with no lymph node metastasis. (Table 1) The mean width of submucosal invasion in all cases was 5.9 mm, and the mean width was 9.4 mm in cases of cancer with lymph node metastasis and 5.6 mm in cases of cancer with no lymph node metastasis. (Table 1) The mean area of submucosal invasion in all cases was 19.55 mm 2 , and the mean area was 41.3 mmin cases of cancer with lymph node metastasis and 17.32 mm 2 in cases of cancer with no lymph node metastasis.
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Histological Classification in the Invasive Area of Submucosal Carcinoma (Table 2) Histological examination in the invasive area of submucosal carcinoma showed 67 well-differentiated adenocarcinoma, 62 moderately differentiated adenocarcinoma, two poorly differentiated adenocarcinoma, two undifferentiated-type mucinous adenocarcinoma, and seven differentiated-type mucinous adenocarcinoma. Lymph node metastasis occurred in 2.9% of well-differentiated adenocarcinoma cases, 14.5% of moderately differentiated adenocarcinoma cases, 0% of poorly differentiated adenocarcinoma cases, 100% of undifferentiatedtype mucinous adenocarcinoma cases, and 0% of differentiated-type mucinous adenocarcinoma cases.
Mode of Growth In The Invasive Area of Submucosal Carcinoma (Table 2) The number of cases showing each growth pattern and the percentage of cases involving lymph node metastasis within each growth pattern were 25 expansive type (0% lymph node metastasis ), five infiltrating type (20% lymph node metastasis), 60 mixed type (6.7% lymph node metastasis), 20 predominant expansive type (5.0% lymph node metastasis), and 30 predominant infiltrating type (23.3% lymph node metastasis).
Structural Atypia in the Invasive Area of Submucosal Carcinoma (Table 3) Cribriform-type structural atypia was observed in 43 cases (30.7%). The percentage of lymph node metastasis in cases with cribriform-type structural atypia was 20.9%(nine cases), whereas in the absence of cribriform-type structural atypia, it was 4.1% (four cases). Dendritic-type structural atypia Bud-like Structure (Table 3) A bud-like structure was observed in 84 cases (60.0%). The percentage of lymph node metastasis in cases with a bud-like structure was 15.5% (13 cases), whereas in the absence of a bud-like structure, it was 0% (0 cases).
Lymphoid infiltration in the Invasive Area of Submucosal Carcinoma (Table 3) Lymphoid infiltration was observed in 73 cases (52.1%). The percentage of lymph node metastasis in cases of lymphoid infiltration was 1.4% (one case), whereas in those without lymphoid infiltration, it was 17.9% (12 cases).
Lymphatic Permeation and Depth of Lymphatic Permeation (Table 4) Lymphatic permeation was observed in 47 cases (34%). The percentage of lymph node metastasis in cases with lymphatic permeation was 26% (12 cases), whereas in those without lymphatic permeation, it was 1% (one case). The mean depth of lymphatic permeation in cases of cancer with lymph node metastasis was 3.72 mm (minimum, 2.1 mm), and in cases of cancer with no lymph node metastasis, it was 1.03 mm.
Venous Permeation and Depth of Venous Permeation (Table 4) Venous permeation was observed in 16 cases (11%). The percentage of lymph node metastasis in cases with venous permeation was 31% (five cases), whereas in those without venous permeation, it was 7% (eight cases). The mean depth of venous permeation in cases of cancer with lymph node metastasis was 3.13 mm (minimum, 1.8 mm), and in cases of cancer with no lymph node metastasis, it was 1.11 mm.
Statistical Analysis
Univariate logistic regression analysis showed that the depth of submucosal invasion, cribriform-type structural atypia, absence of lymphoid infiltration, lymphatic permeation, and venous permeation were statistically significant as risk factors for lymph node metastasis (Table 5) . Multivariate logistic regression analysis showed that the important risk factors of lymph node metastasis included, in decreasing order, lymphatic permeation, absence of lymphoid infiltration, cribriform-type structural atypia, venous permeation, and depth of submucosal invasion (Table 5) .
When cases were divided into the group in which submucosal invasion is deep on the boundary of 2.5 mm (about 2 mm) and the group in which submucosal invasion is shallow, the odds ratio of depth of submucosal invasion calculated with univariate logistic regression analysis for the lymph node metastasis indicated the highest value (ie, the risk of lymph node metastasis increases most when the depth of submucosal invasion grows more than 2 mm). Similarly, when cases were divided into the group in which the depth of lymphatic permeation is deep on the boundary of 2.2 mm (about 2 mm) and the group in which the depth of lymphatic permeation is shallow, the odds ratio of depth of lymphatic permeation calculated with univariate logistic regression analysis for the lymph node metastasis indicated the highest value (ie, the risk of lymph node metastasis increases most when the depth of lymphatic permeation grows more than 2 mm).
The pathologic criteria (algorithm) of the prediction of lymph node metastasis, based on these results, for additional colecotmy after endoscopic resection of submucosal invasive cancer of the Table 6 ). The sensitivity, specificity, positive and negative predictive value, and overall accuracy of these criteria are shown in Table 6 . PPV indicates positive predictive value (probability of lymph node metastasis), NPV indicates negative predictive value (probability of no lymph node metastasis).
Risk of metastasis of submucosal colon cancer Y Egashira et al after endoscopic resection of submucosal invasive colorectal cancer. Since they 5 also reported that only 10% of cases of Level 4 submucosal tumor invasion had metastasized to the lymph nodes, it appears that applying the above Nivatvongs' criteria to resection of the colon would constitute overtreatment in 90% of patients who undergo additional surgery. Therefore, it is necessary that more accurate pathologic criteria be established for additional colorectal resection. Towards this goal, we investigated and analyzed pathologic factors related to lymph node metastasis of submucosal invasive cancer of the colorectum. From univariate analysis, the depth of submucosal invasion, cribriform type structural atypia, lymphoid infiltration, lymphatic permeation, and venous permeation were statistically significant as risk factors for lymph node metastasis. Multivariate analysis indicated that the important risk factors for lymph node metastasis included, in decreasing order, lymphatic permeation, absence of lymphoid infiltration, cribriform-type structural atypia, venous permeation, and depth of submucosal invasion. 1, 2, 5, 6, 11 agree that the depth of a submucosal invasion is an important risk factor for lymph node metastasis. We estimated the depth, width, and area of submucosal invasion as an index of the degree of submucosal invasion. However, univariate analysis revealed that the only significant risk factor for lymph node metastasis was the depth of invasion. When comparing the group in which submucosal invasion is deep on the boundary of 2.5 mm (about 2 mm) and the group in which submucosal invasion is shallow, the odds ratio was highest for the deep submucosal invasion to be associated with lymph node metastasis. The odds ratio we obtained for deep submucosal invasion suggests that submucosal invasion of 2 mm or more is a risk factor for the lymph node metastasis.
Many investigators
According to previous reports, moderately or poorly differentiated adenocarcinoma 3, 7, 12, 13 , and a bud-like structure 9 in submucosal invasive areas are risk factors for lymph node metastasis. Although our data trends were similar, these factors did not show statistical significance in our study. Moreover, many investigators [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] list mucinous adenocarcinoma as a Risk of metastasis of submucosal colon cancer Y Egashira et al risk factor for lymph node metastasis. In this study, mucinous adenocarcinoma was considered as two types, one composed of undifferentiated nontubular carcinoma (signet ring cell carcinoma in the majority) and one composed of differentiated tubular adenocarcinoma. Lymph node metastasis was not seen with the latter type, but the rate of lymph node metastasis was very high with the former type. Classification of mucinous adenocarcinoma into these two subgroups, then, appears to be very useful since the risk for lymph node metastasis was shown to be higher for undifferentiated nontubular adenocarcinoma than for differentiated tubular adenocarcinoma. We classified structural atypia of invasive cancer areas into cribriform type and dendritic type, and we examined the types for risk of lymph node metastasis. Although we expected that the risk of lymphatic invasion in the dendritic type would be greater, only the cribriform type showed statistical significance as a risk factor for lymph node metastasis.
Since carcinoma with lymphoid infiltration is seldom accompanied by lymph node metastasis, it is considered a cancer with a good prognosis. 16, 17 Lymphoid infiltration is thought to suppress the growth and invasion of cancer. In the digestive tract, carcinoma with lymphoid infiltration is often reported in the stomach, 16, 17 and less often in the large intestine. Lymphoid infiltration is also often observed in the area of colorectal cancer invasion, although less is seen in carcinoma with lymphoid infiltration. We examined the relation between lymphoid infiltration in the colorectal cancer invasion area and lymph node metastasis. The incidence of lymph node metastasis in cases with lymphoid infiltration was lower than that in cases without lymphoid infiltration, and an absence of lymphoid infiltration correlated significantly with lymph node metastasis in both univariate and multivariate analysis. This suggests that lymphoid infiltration is an important inhibition factor for lymph node metastasis.
Lymph node metastasis is caused by the permeation of cancer cells in the lymphatic duct; it follows, then, that lymphatic permeation could be the greatest risk factor for lymph node metastasis. 1, 7, 18 Since only 26% of submucosal invasive colorectal cancers with lymphatic permeation show metastasis to the lymph nodes, use of lymphatic permeation as an indicator of lymph node involvement would result in about 75% of patients undergoing unnecessary resection of the lymph nodes. Thus, we examined the relation between lymphatic distance and lymph node metastasis with a view to decrease overtreatment. When comparing the group in which the depth of lymphatic permeation is deep on the boundary of 2.2 mm (about 2 mm) and the group in which the depth of lymphatic permeation is shallow, the odds ratio was highest for the deep depth of lymphatic permeation to be associated with lymph node metastasis. This suggests that the depth of lymphatic permeation of 2 mm or more is a risk factor for lymph node metastasis. The rate of lymph node metastasis in cases showing venous permeation was high at 31%, and with univariate analysis, venous permeation was found to be significantly related to lymph node metastasis. Owing to the low frequency of cases showing venous permeation, however, its importance as a risk factor for lymph node metastasis was lessened with significant multivariate analysis. Since with staining elastic fibers, venous permeation can be more objectively evaluated than lymphatic permeation, venous permeation may indeed be an important prognostic factor for lymph node metastasis.
The pathologic criteria, based on our results, for additional colectomy after endoscopic resection of submucosal invasive cancer of the colorectum are presented in Figure 5 . If these criteria of ours had been applied to resection of the colon in the 140 cases in this study, only 50 patients (including all 13 with lymph node metastasis) would have undergone additional colectomy, 37 of whom would have actually been overtreated. On the other hand, applying the criteria of Haggit et al. 1 Haggit 2 or Nivatvongs et al 5 , 130 of 140 patients would have undergone additional colectomy, 117 of whom would have been overtreated. Both specificity and over all accuracy of our criteria showed higher value than the criteria of Haggit et al. Therefore, the indication criteria that we present for additional colectomy after endoscopic resection of submucosal invasive cancer of the colorectum enable greater accurate selection of patients who will undergo further surgical treatment after endoscopic resection.
